To find whether productivity of bacteriocin is controlled between different species under unusual cultural conditions, we used Rhodobacter capsulatus ATCC 17016 as a producer and Rhodopseudomonas palustris ATCC 17003 as an indicator. Rhodobacter capsulatus was cultured under aerobic conditions in the dark in Lascelles medium containing 0.3% Triton X-100. As a result, bacteriocin productivity increased enormously. The optimal pH range of bacteriocin production was 6~7.8. Through partial purification of bacteriocin, the molecular weight was roughly estimated at 14 kDa. Plasmid had no influence on bacteriocin production by Rhodobacter capsulatus. Our findings indicate that culture conditions affect bacteriocin productivity between more distantly related species, and bacteriocin of Rhodobacter capsulatus is not encoded by a plasmid.
INTRODUCTION
Many gram-positive bacteria and some gram-negative bacteria produce ribosomally-synthesized antimicrobial peptides or proteins, often termed bacteriocins (1~5). The important role of bacteriocins is to inhibit or kill bacteria that are usually closely related to the producer strain (6~8).
Bactericidal effects of bacteriocins have been recognized as an important subject in food fermentation and preservation.
Those produced by lactic acid bacteria have been largely studied as potentially safe food-grade preservatives of biological origin (9) . The class IIa bacteriocins produced by lactic acid bacteria kill some pathogenic bacteria (e.g.,
Listeria) with high efficiency (2).
Most research has been dedicated to lactic acid bacteria for combination of bacteriocin with antimicrobial agents, membrane permeability and LPS affinity (2, 10, 11) .
However, bactericidal peptides are produced by several other classes of bacteria, such as strict and facultative anaerobes.
Some facultative anaerobic purple nonsulfur bacteria such as Rhodobacter capsulatus, Rhodobacter sphaeroides and
Rhodopseudomonas palustris have been found to produce bacteriocins (12~14). In this work, we isolated bacteriocin from Rhodobacter capsulatus ATCC 17016 cultured in Lascelles medium to study bacteriocin production from purple nonsulfur phototrophic bacteria, because Lascelles medium has long been recognized for bacteriocin production by purple nonsulfur phototrophic bacteria (12) . But this species didn't produce enough bacteriocin. Once Triton X-100 was added to Lascelles medium, much more bacteriocin was produced than that in Lascelles medium 269 alone. Under diversified nutrient conditions, the bacteriocin of Rhodobacter capsulatus ATCC 17016 was studied and its molecular weight was roughly estimated. Lantibacteriocins (4, 15) and circular bacteriocins (16, 17) were encoded by the responsive plasmids. However, Rhodobacter capsulatus didn't show plasmid dependence.
MATERIALS AND METHODS

Strains and cultures
Bacterial strains used in this study were Rhodobacter capsulatus ATCC 17016 as a producer strain and Rhodopseudomonas palustris ATCC 17003 as an indicator strain. Precultures were grown on a medium 27 (DSM, Braunschweig, Germany) supplemented with trace element SL-6 under anaerobic photosynthetic conditions illuminated with incandescent lamp (ca. 3000 Lux) at 28℃. Cells were routinely prepared in 10 ml screw cap tubes completely filled with media at these conditions and used as a standard strain.
Strains of producer and indicator were cultivated in the medium described by Lascelles (18) according to procedures by Guest (12) instead of medium 27 (DSM). Lascelles medium was supplemented with Triton X-100 (0.3%) for the producer, Rhodobacter capsulatus ATCC 17016. The pH of all media was adjusted to pH 6.8.
Aerobic cultures in the dark were carried out with 5,000 ml bottles filled with 300 ml Lascelles medium supplemented with Triton X-100 (0.3%). These were inoculated with 5 ml of the standard strain (OD 600 1.5) and shaken at 50 rpm and 28 ± 2℃ for 4 days.
Bacteriocin detection and activity assay
To produce the bacteriocin, the producer strains were aerobically cultured in the dark conditions described as above. Cells were collected by centrifugation for 10 min at 4℃ (8,000 rpm, Sorvall Gs-3 rotor, RC-5B, DuPont, St. Dalton using ultrafiltration membranes (Amicon TC-10, Millipore, Billerica, MA, USA). Then they were lyophilized and tested for bacteriocin activity, for purification on FPLC system. Activity was determined according to Brock et al. (19) and Guest (12) . Briefly, 4 wells were made in agar plates After inoculation, Rhodobacter capsulatus was aerobically cultured in the dark for 4 days. Two grams of cell mass were dissolved in 2 ml DW, disrupted with ultrasonic system (3 mm probe, 80 Hz for 1 min, 3 times), and mixed equally with 3% agar medium. Then bacteriocin activity was determined as mentioned above according to the method of Brock et al. (19) and Guest (12) .
Bacteriocin productivity under chloramphenicol treatment
It was reported that bacteriocin production was coded by plasmid DNA (21~25). In order to increase bacteriocin production, plasmid DNA was amplified with the method of Yasuyoshi et al. (24) . After shaking aerobically in the dark, it was cultured for 48 hrs in a chloramphenicolcontaining medium (concentration of 50 μg/ml) and the activity was tested.
Plasmid isolation
Plasmid DNA was isolated from nonsulfur phototrophic bacteria by alkaline lysis (26) .
Electrophoresis
Plasmid separation was conducted using 0.9% agarose gel electrophoresis, which was modified from the methods of Maniatis et al. (26) , Bearden (27) and Kado and Liu (28) .
λDNA was cut with Hind lll for measuring plasmid DNA size, development was conducted under 60 V for 4.5 hrs, and the gel was photographed by konix pan Tri-x film on UV-transilluminator (245 nm).
Plasmid curing test
The producer bacteria were cultured for 48 hrs, followed by a secondary successive culture, and bacteriocin activity was tested as noticed above. Afterward, to determine whether or not the plasmid was cured, the plasmid curing agents ethidium bromide (0.5~4.0 μg/ml) or mitomycin C (5~20 μg /ml) were directly added to Lascelles medium (29) .
Purification of bacteriocin by FPLC system
Mono P (HR5/20) column (Pharmacia LKB Biotechnology Inc., Piscataway, NJ, USA) and mono Q (HR 5/5) column (Pharmacia LKB Biotechnology Inc.) were used for bacteriocin separation and its buffers were 25 mM diethanolamine plus HCl (pH 9.5) and polybuffer (pH 6.0).
Flow rate was 1.0 ml/min (2.2 MPa) and AUF was 2.0.
Protein assay was performed according to Bradford (30) . 
RESULTS
Growth of Rhodobacter capsulatus ATCC 17016 and its bacteriocin production
Rhodobacter capsulatus ATCC 17016 was incubated aerobically in the dark in the Lascelles medium containing 0.3% Triton X-100. Cell-bound bacteriocin production was considerable under these conditions. Furthermore, the method of Guest (12) was used to test for bacteriophage infection, but we didn't find any infectious phenomenon through plaque assay.
It has been reported that bacteriocin production is generally coded by plasmid DNA (8, 17, 21, 22, 24, 35, 36) .
Therefore, the plasmid DNA was amplified with chloramphenicol in order to increase bacteriocin production, but there was no effect.
Isolation of bacteriocin and partial purification
Bacteriocin was isolated from the cells of R. capsulatus 
Anti-bacteriocin antibody generation
In order to obtain anti-bacteriocin antibody, rabbit was immunized with bacteriocin four times as described in Materials and Methods. Two weeks after the last immuni- zation, rabbit blood was withdrawn from ear vein and then serum was separated. This serum was doubly diluted from 1/100 dilution. The appropriate dilution of the serum (antibody) was 1:2000 (Fig. 5) . The difficulty of antibody generation was that the specificity and toxicity of antigen has not been clearly proven yet. Since rabbits usually died one and half months after injection, it was very hard to obtain antiserum.
Determination of molecular weight and silver staining of bacteriocin
Through the results of both western blot analysis and silver staining, we could estimate the MW of bacteriocin to be about 14,000 Dalton or less, corresponding with the band of α-lactoalbumin although the antigen wasn't completely pure (data not shown).
Isolation of plasmid DNA
Plasmid DNA was isolated from 5 strains producing bacteriocin, which were cultured under light and anaerobic conditions (Fig. 6A) . They all had in common a 23 kb band as well as two other bands larger than 50 kb. Strains cultured in the dark aerobically didn't show any difference from the ones cultured in the light (Fig. 6B) .
Curing test of plasmid DNA
Five bacteriocin-producing strains were tested if they were cured by treatment with ethidium bromide or mitomycin C. Only in R. capsulatus 17016, two plasmids of larger than 50 kb were cured with ethidium bromide (0.5~ 4.0 μg/ml) (Fig. 7A) . Because the other 4 strains were not well cultured due to lack of adaptability, we could not know whether or not they were cured. On the other hand, two plasmids of larger than 50 kb were cured with treatment of R. spheroids with mitomycin C (15 and 20 μg/ml) (Fig. 7B) .
However, the cured strains still had bacteriocin activity.
DISCUSSION
Bacteriocin production by purple nonsulfer bacteria has already been reported in Rhodobacter capsulatus, Rhodobacter sphaeroides, and Rhodopseudomonas palustris.
The findings of Guest (12) have been confirmed in this study.
Although it was reported that the bacteriocin production occurred between closely related species or within the same species, our study showed its production between more distantly related species such as Rhodocyclus gelatinosus ATCC 17011 (β-group) and Rhodopseudomonas sulfoviridis DSM 729 (α-group).
Special nutrition is required for bacteriocin production (22, 25, 33) , UV light had no effect on bacteriocin production by Rhodobacter capsulatus ATCC17016. It was In general, bacteriocin production has been known to be induced by coding of plasmid DNA in both Gram positive and negative bacteria (8, 17, 21, 22, 24, 35, 36 We isolated the bacteriocin through FPLC assay and checked whether inhibition zones were indeed due to bacteriocin even though we did not quantify the bacteriocin.
Molecular weight of bacteriocin was 14,000 Dalton or less.
The bacteriocin isolated from Bacteroides fragilis weighed 7000 Dalton (37) and that from Bacteroides uniformis TI-1 weighed 12,000 Dalton (38) . So the bacteriocin from this study seemed to be little bigger than others. Due to the large size of bacteriocin, its genetic information may harbor in chromosomal DNA.
In summary, we found that Rhodobacter capsulatus ATCC17016 could produce a sort of bacteriocin under the appropriate conditions. The differences from other general bacteriocins were that the bacteriocin produced by Rhodobacter capsulatus was relatively large (14 kDa) and the location of the coding gene was not in plasmid, but probably in chromosomal DNA. To prove this, a further study is strongly recommended.
